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Abstract
Purpose The purposes of this study were to review the evi-
dence on longitudinal associations between child and adoles-
cent obesity and academic achievement and to provide percep-
tions of adolescents with obesity and their parents on this topic.
Recent Findings Synthesis of 31 studies (from 17 cohorts)
suggested that relationships between obesity and academic
achievement are not well established, except for adolescent
girls’ maths attainment, potentially mediated by both
weight-related bullying and executive cognitive functions.
Focus groups with adolescent girls with obesity confirmed
experiences of psychosocial distress at school particularly dur-
ing Physical Education. Adolescents perceived that obesity
was not related to academic achievement directly, but by their
attitude to school.
Summary Interventions are warranted to promote psychoso-
cial wellbeing and cognitive abilities linked to academic
achievement in adolescent girls with obesity. Physical
Education should be a positive experience for children and
adolescents with obesity.
Keywords Children . Adolescents . Obesity . Academic
achievement . Systematic review . Longitudinal cohort studies
Introduction
The prevalence of childhood obesity is increasing in many
countries with adverse societal impact [1]. Nevertheless, to
date, successful efforts to tackle the problem of childhood
obesity have been insufficient [1]. Further economic evalua-
tion is required, including an improved understanding of the
link between academic achievement and childhood obesity
‘strengthening the economic arguments for interventions’
[1]. A high value is placed on academic achievement by
policymakers, schools, and families [2]. If obesity in child-
hood and adolescence is related to academic achievement, this
would provide increased support for interventions aimed at
preventing and treating obesity in young people.
‘Direct’ mechanisms for how childhood obesity could be
associated to poorer academic achievement have been postu-
lated [3, 4] which are associated with children’s cognitive
ability [5, 6••]. ‘Indirect’ mechanisms could include obesity-
related adverse physical and mental health leading to in-
creased school absenteeism [7], obesity-related psychosocial
distress (e.g. isolation, bullying) [8, 9], stigmatisation by peers
and teachers [10, 11], poor sleep due to obesity-related disor-
dered breathing [12, 13], cardio-metabolic co-morbidities
[14–16], nutritional intake [17] and low levels of physical
activity or fitness [18].
Two literature reviews have examined the association be-
tween overweight/obesity and academic achievement [19,
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20]. Both concluded, from cross-sectional data, that children
and adolescents with overweight and obesity typically per-
form less well in school compared to normal-weight peers.
Caird et al. [19] noted a lack of longitudinal studies addressing
potential mediators of the relationship between childhood
obesity and academic achievement. Since the publication by
Caird et al. [19] further evidence on the longitudinal relation-
ship between obesity and academic achievement has emerged.
Further, limited research has been undertaken to gain insight
into the views of adolescents with obesity and their parents on
the link between obesity and academic achievement.
Adolescent girls with obesity tend to experience weight-
related bullying in school more often which might make them
more vulnerable to lower academic achievement [21].
Therefore, the aims of this study were to systematically review
and critique the evidence on the longitudinal associations be-
tween childhood obesity and academic achievement and to
complement the review findings with qualitative data on the
perspectives of adolescent girls specifically, and their parents.
The following research questions were addressed:
1. Is there evidence of a longitudinal association between
childhood or adolescent obesity and academic
achievement?
2. Does a change in obesity status over time influence the
association with academic achievement?
3. What factors moderate or mediate the association between
childhood or adolescent obesity and academic achievement?
4. How do adolescent girls with obesity and their parents
perceive the link between obesity and academic
achievement?
PART 1: Methods and Results of the Systematic
Review
Methods
In January 2017, a literature search was performed inMedline,
Embase, PsycINFO, Education Resource Information Centre
and SportDiscus; this was restricted to English language but
not publication year. The search strategy was adapted for each
database and is shown for Medline (ovid) in Table 1.
Reference lists and forward citations of included studies were
screened. Titles and abstracts were screened independently for
eligibility (AM, JNB). Full-text articles were independently
screened for inclusion by AM, JNB and SM (DHS arbitrated)
using the following inclusion criteria:
(i). Study design: observational prospective cohort studies
(ii). Participants: healthy 3–18-year olds (i.e. absence of con-
ditions associated with overweight/obesity and impaired
school performance)
(iii). Exposure: measures or estimates (i.e. self-reported) of
body weight status as either body mass index (BMI;
values, percentiles or z scores), body fat or waist cir-
cumference. Eligible exposures were also the BMI-
derived weight status classifications overweight, obesi-
ty and overweight and obesity combined
(iv). Outcome: measures or estimates of academic achieve-
ment limited to standardised test scores, teacher- or self-
reported grades of specific school subjects or average
attainment during compulsory education
Experimental studies were excluded as these are systemat-
ically reviewed elsewhere [22]; an update of the evidence
from experimental studies is currently in progress.
Data were independently extracted by two reviewers and
cross-checked using a tested and pre-defined data extraction
template. Included studies were independently scored for
Table 1 Search strategy for ovid Medline
1. exp Obesity/ or exp Overweight/
2. (overweight or overweight or overweight).tw.
3. obes*.tw.
4. exp. Body Mass Index/
5. (body mass index or bmi).tw.
6. exp. Adiposity/
7. adipos*.tw.
8. exp. Child/
9. exp. Adolescent/
10. child*.tw.
11. (adolesc* or youth or teen*).tw.
12. young people.tw.
13. (students or pupil*).tw.
14. 8 or 9 or 10 or 11 or 12 or 13
15. exp. Education/
16. exp. Schools/
17. exp. Achievement/
18. ((school or academic* or education*) adj2 (attainment or performance
or achievement* or outcome*)).tw.
19. (math* or reading or writing or science).tw.
20. 15 or 16 or 17 or 18 or 19
21. exp Prospective Studies/mt [Methods]
22. exp Longitudinal Studies/mt [Methods]
23. cohort.tw.
24. longitudinal.tw.
25. prospective.tw.
26. 1 or 2 or 3 or 4 or 5 or 6 or 7
27. exp Cohort Studies/
28. 21 or 22 or 23 or 24 or 25 or 27
29. 14 and 20 and 26 and 28
30. limit 29 to English language
Curr Obes Rep
methodological quality by AM and SM, disagreements were
resolved through discussion. Quality assessment was scored
using criteria for observational longitudinal research [23].
Quality domains included sampling and recruitment, partici-
pant characteristics, attrition, data collection methods, and da-
ta (total 19 items). Quality criteria were scored as positive,
negative or ‘unclear’. If a study provided no or insufficient
information, we scored the criterion at issue as ‘unclear’.
Where the study referred to additional publications, we re-
trieved the publication to score the quality criterion. Studies
were considered of high methodological quality when the per-
centage of items that scored positively was ≥70% [24].
A narrative evidence synthesis was performed for which
individual study findings were synthesised graphically by
school subjects, type of obesity measure and sex. The primary
analysis considered the study quality in that studies with an
overall quality score of <70%, and studies with a quality score
≥70% but with self-reported weight and height, and/or aca-
demic achievement were removed from the evidence synthe-
sis.Where both objectively and subjectively assessed academ-
ic achievement was available, findings of objectively obtained
scores were considered for the evidence synthesis. Study and
population characteristics and assessment tools for academic
achievement varied substantially between included studies.
Although several studies utilised similar cohort studies for
their analyses, combining effect sizes of the same study pop-
ulation would result in overestimation of the effect size [25].
Therefore, no meta-analysis was performed.
Results
The systematic literature search results were summarised in
Fig. 1. Eighty potentially relevant full-text articleswere identified,
of which 30 articles (31 studies) were included in this review.
A detailed description of population characteristics, expo-
sure, outcomes, confounding/mediating variables and main
results of the included studies is provided in Table 2. The
included studies comprised 17 distinct cohort datasets, of
which 11/31 studies performed secondary analysis of the
Early Childhood Longitudinal Study—Kindergarten Class
(ECLS-K) in the USA [26–36]. Seven studies used five other
datasets from the USA [35, 37–42], and eight studies utilised
existing cohort datasets from Canada [43, 44], the UK [45,
46], The Netherlands [47, 48], Australia [49], and Taiwan
[50]. Five studies from Australia, Germany, Taiwan,
Thailand, and Peru used primary data for their prospective
analyses [51–54]. The number of participants ranged from
405 to 21,260 (median 3362 participants) and the follow-up
periods ranged from 1 to 9 years (median 3 years). Twenty-
four studies assessed the association between overweight and/
or obesity and academic achievement whereas two studies
related percentage body fat [46, 53], one study BMI z scores
[32] and two studies BMI [40, 54], to children’s academic
achievement. Measures of academic achievement were ob-
tained from school records or standardised tests by 25 studies
and five studies relied on teacher or self-reported academic
attainment [37, 42, 44, 52, 55].
Sixteen studies assessed the association between over-
weight or obesity at one time point and academic achievement
later in life (Fig. 2a). Of those, eight studies were excluded
from the primary analysis due to methodological shortcom-
ings (Fig. 2b). Fourteen studies using data from eight cohorts
assessed the association between change in obesity status and
academic achievement (Fig. 2b). However, only four studies
(two cohorts) were of high methodological quality and so
included in the primary analysis (Fig. 2a). Change in obesity
status was classified as persistent obesity, development of
obesity, and ‘growing out’ of obesity (change from obesity
to overweight or healthy weight).
All included studies adjusted for a number of confounding
variables known to be associated with both obesity and aca-
demic achievement such as measures of socioeconomic status
(e.g. parental education, family income). The quality scoring
of each individual study ranged from 53% [26] to 95% [30,
45]. The level of agreement for the quality scoring between
the reviewers (AM, SM) was 96% (k = 0.91). In 24/30 studies,
methodological quality was scored high (≥70%).
Association Between Overweight or Obesity
and Academic Achievement
Figures 2a, and b shows the graphically synthesised data of
the included studies on the association between child and
Electronic database search:
6,394 articles
Titles & Abstracts 
screened: 5,995
Duplicates discharged: 
399 articles
Full-text articles
screened: 80
Discharged: 
5,915
50 articles excluded:
Cross-sectional analysis: n=20
Ineligible exposure: n=13
Ineligible outcome: n=16
Ineligible population age: n=1
Included for evidence synthesis:
30 articles (31 studies)
Fig. 1 Literature search and study selection flow diagram
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si
ti
v
e
as
so
ci
at
io
n
b
et
w
ee
n
B
M
I
z
sc
o
re
s
an
d
re
ad
in
g
in
b
o
y
s
8
th
g
ra
d
e
B
as
el
in
e
B
M
I
z
sc
o
re
,
b
ir
th
w
ei
g
h
t,
ag
e,
b
as
el
in
e
at
ta
in
m
en
t
sc
o
re
,
p
re
v
io
u
s
at
ta
in
m
en
t
sc
o
re
,
u
rb
an
ic
it
y,
w
h
et
h
er
p
ar
en
ts
ar
e
m
ar
ri
ed
,
n
u
m
b
er
o
f
si
b
li
n
g
s,
h
o
u
se
h
o
ld
in
co
m
e,
h
o
w
in
v
o
lv
ed
th
e
p
ar
en
t
is
in
th
e
ch
il
d
’s
sc
h
o
o
l,
h
o
w
o
ft
en
th
e
p
ar
en
t
h
el
p
s
th
e
ch
il
d
w
it
h
h
o
m
ew
o
rk
,
h
o
w
o
ft
en
th
e
ch
il
d
h
as
ch
an
g
ed
sc
h
o
o
ls
,
w
h
et
h
er
th
e
ch
il
d
h
as
a
co
n
si
st
en
t
b
ed
ti
m
e,
th
e
n
u
m
b
er
o
f
st
u
d
en
ts
en
ro
ll
ed
in
th
e
sc
h
o
o
l,
w
h
et
h
er
th
e
sc
h
o
o
l
is
T
it
le
Curr Obes Rep
T
a
b
le
2
(c
o
n
ti
n
u
ed
)
R
ef
er
en
ce
(q
u
al
it
y
sc
o
re
)
S
am
p
le
ch
ar
ac
te
ri
st
ic
s
E
x
p
o
su
re
:
m
ea
su
re
o
f
b
o
d
y
w
ei
g
h
t
st
at
u
s
O
u
tc
o
m
e:
m
ea
su
re
o
f
ac
ad
em
ic
ac
h
ie
v
em
en
t
M
ai
n
re
su
lt
s
C
o
n
fo
u
n
d
er
s
1
,
n
u
m
b
er
o
f
y
ea
rs
th
e
te
ac
h
er
h
as
ta
u
g
h
t
an
d
w
h
et
h
er
th
e
te
ac
h
er
h
as
a
M
as
te
r’
s
d
eg
re
e
C
ar
te
r
et
al
.
2
0
1
0
(8
4
%
)
L
o
ca
ti
o
n
:
C
an
ad
a
C
o
h
o
rt
:
N
at
io
n
al
L
o
n
g
it
u
d
in
al
S
u
rv
ey
o
f
C
h
il
d
re
n
an
d
Y
o
u
th
N
=
2
5
8
2
A
g
e:
2
–
5
y
ea
rs
(b
as
el
in
e)
,
8
–
11
y
ea
rs
(f
o
ll
o
w
-u
p
)
S
ex
:
4
8
.0
%
(f
)
B
M
Ib
P
er
si
st
en
t
o
b
es
it
y
c
D
ev
el
o
p
ed
o
b
es
it
y
c
G
re
w
o
u
t
o
f
o
b
es
it
y
c
M
at
h
s
M
at
h
em
at
ic
s
C
o
m
p
u
ta
ti
o
n
T
es
t
o
f
C
A
T
/2
,
sh
o
rt
en
ed
v
er
si
o
n
(I
R
T
)
•
S
ig
n
if
ic
an
tl
y
↑
m
at
h
s
sc
o
re
s
in
O
+
/−
st
u
d
en
ts
th
an
O
-
•
n
.s
.
as
so
ci
at
io
n
b
et
w
ee
n
O
+
an
d
O
−
/+
an
d
m
at
h
at
ta
in
m
en
t
A
g
e,
g
en
d
er
,
et
h
n
ic
it
y,
sl
ee
p
,
p
h
y
si
ca
l
ac
ti
v
it
y,
ch
ro
n
ic
co
n
d
it
io
n
st
at
u
s,
b
ir
th
w
ei
g
h
t,
h
o
u
se
h
o
ld
in
co
m
e,
fa
m
il
y
st
ru
ct
u
re
;
m
at
er
n
al
ed
u
ca
ti
o
n
,
w
o
rk
in
g
st
at
u
s,
ag
e
at
b
ir
th
o
f
ch
il
d
,
sm
o
k
in
g
st
at
u
s,
d
eg
re
e
o
f
p
o
si
ti
v
e
p
ar
en
ti
n
g
C
h
en
et
al
.
2
0
1
2
(6
8
%
)
L
o
ca
ti
o
n
:
T
ai
w
an
C
o
h
o
rt
:
p
ri
m
ar
y
st
u
d
y
N
=
4
0
9
A
g
e:
6
y
ea
rs
(b
as
el
in
e)
,
1
2
y
ea
rs
(f
o
ll
o
w
-u
p
)
S
ex
:
4
8
.4
%
(f
)
B
M
Ia
P
er
si
st
en
t
o
b
es
it
y
c
D
ev
el
o
p
ed
o
b
es
it
y
c
A
v
er
ag
e
sc
o
re
o
f
la
n
g
u
ag
e,
m
at
h
s,
sc
ie
n
ce
,
so
ci
al
st
u
d
ie
s
S
ch
o
o
l
re
co
rd
s
•
n
.s
.
n
eg
at
iv
e
as
so
ci
at
io
n
O
+
an
d
O
−
/+
an
d
av
er
ag
e
at
ta
in
m
en
t
S
ch
o
o
l
ab
se
n
te
ei
sm
,
IQ
(R
av
en
’s
C
o
lo
re
d
P
ro
g
re
ss
iv
e
M
at
ri
ce
s)
,
g
en
d
er
,
p
ar
en
ta
l
ed
u
ca
ti
o
n
,
n
u
m
b
er
o
f
si
b
li
n
g
s,
fa
m
il
y
st
ru
ct
u
re
C
u
et
o
2
0
0
5
(8
4
%
)
L
o
ca
ti
o
n
:
P
er
u
C
o
h
o
rt
:
p
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m
ar
y
st
u
d
y
N
=
4
3
8
A
g
e:
1
2
y
ea
rs
(b
as
el
in
e)
,
1
4
y
(f
o
ll
o
w
-u
p
)
S
ex
:
5
1
%
(f
)
B
M
Ia
M
at
h
s,
re
ad
in
g
L
o
ca
l
at
ta
in
m
en
t
te
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•
n
.s
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eg
at
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e
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so
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at
io
n
b
et
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n
B
M
I
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d
m
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h
s
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d
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g
S
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d
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t
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p
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o
u
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b
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e
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h
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v
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t,
g
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d
e
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h
o
o
l
C
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o
e
&
M
u
ll
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2
0
0
4
(7
9
%
)
L
o
ca
ti
o
n
:
U
S
A
C
o
h
o
rt
:
A
d
d
H
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lt
h
N
=
11
,6
5
8
A
g
e:
1
5
y
ea
rs
(b
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el
in
e)
,
1
6
y
ea
rs
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o
ll
o
w
-u
p
)
S
ex
:
5
1
%
(f
)
B
M
Ib
O
v
er
w
ei
g
h
te
G
ra
d
e
p
o
in
t
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ag
e
o
f
m
at
h
s,
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ie
n
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,
E
n
g
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sh
,
an
d
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ci
al
st
u
d
ie
s
S
el
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p
o
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ed
A
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•
S
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n
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an
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y
↓
av
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ag
e
at
ta
in
m
en
t
in
O
W
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u
d
en
ts
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m
p
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ed
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h
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h
y
w
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g
h
t
p
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G
en
d
er
,
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e,
et
h
n
ic
it
y,
p
ar
en
ta
l
ed
u
ca
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o
n
,
fa
m
il
y
st
ru
ct
u
re
,
p
ri
o
r
at
ta
in
m
en
t,
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h
le
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c
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v
it
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s,
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u
ca
ti
o
n
al
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p
ir
at
io
n
,
sc
h
o
o
l
at
te
n
d
an
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,
h
o
m
ew
o
rk
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fo
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s,
p
ar
ti
ci
p
at
io
n
in
n
o
n
-a
th
le
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c
ac
ti
v
it
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s,
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m
an
ti
c
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v
it
ie
s,
sc
h
o
o
l
S
E
S
,
m
in
o
ri
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re
p
re
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n
ta
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o
n
,
sc
h
o
o
l
m
ea
n
B
M
I
D
at
ar
et
al
.
2
0
0
4
(8
4
%
)
L
o
ca
ti
o
n
:
U
S
A
C
o
h
o
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:
E
C
L
S
-K
N
=
11
,1
9
2
A
g
e:
K
in
d
er
g
ar
te
n
(b
as
el
in
e)
,
1
st
g
ra
d
e
(f
o
ll
o
w
-u
p
)
S
ex
:
4
9
.9
3
(f
)
B
M
Ia
O
b
es
it
y
e
M
at
h
,
re
ad
in
g
E
C
L
S
-K
te
st
b
as
ed
o
n
W
o
o
d
co
ck
-M
cG
re
w
-W
er
-
d
er
M
in
i-
B
at
te
ry
o
f
A
ch
ie
v
em
en
t
•
n
.s
.
n
eg
at
iv
e
as
so
ci
at
io
n
b
et
w
ee
n
O
B
an
d
m
at
h
s
an
d
re
ad
in
g
at
ta
in
m
en
t
in
b
o
y
s
an
d
g
ir
ls
H
o
u
rs
/d
ay
w
at
ch
es
te
le
v
is
io
n
o
r
v
id
eo
s,
d
ay
s/
w
ee
k
ch
il
d
ex
er
ci
se
s
fo
r
≥
2
0
m
in
,
n
u
m
b
er
o
f
ac
ti
v
it
ie
s
th
at
p
ar
en
tp
ar
ti
ci
p
at
es
in
w
it
h
ch
il
d
at
le
as
to
n
ce
a
w
ee
k
,
b
ir
th
w
ei
g
h
t,
b
as
el
in
e
te
st
sc
o
re
,
et
h
n
ic
it
y,
m
o
th
er
’s
ed
u
ca
ti
o
n
,
fa
m
il
y
in
co
m
e,
u
rb
an
ic
it
y
D
at
ar
&
S
tu
rm
2
0
0
6
(5
3
%
)
L
o
ca
ti
o
n
:
U
S
A
C
o
h
o
rt
:
E
C
L
S
-K
N
=
7
0
9
0
A
g
e:
k
in
d
er
g
ar
te
n
(b
as
el
in
e)
,
3
rd
g
ra
d
e
(f
o
ll
o
w
-u
p
)
S
ex
:5
1
(f
)
B
M
Ia
P
er
si
st
en
t
o
b
es
it
y
e
D
ev
el
o
p
ed
o
b
es
it
y
e
M
at
h
s,
re
ad
in
g
E
C
L
S
-K
te
st
b
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ed
o
n
W
o
o
d
co
ck
-M
cG
re
w
-W
er
-
d
er
M
in
i-
B
at
te
ry
o
f
A
ch
ie
v
em
en
t
•
S
ig
n
if
ic
an
tl
y
↓
m
at
h
s
an
d
re
ad
in
g
sc
o
re
s
in
O
−
/+
g
ir
ls
co
m
p
ar
ed
to
O
-
in
g
ir
ls
•
n
.s
.
as
so
ci
at
io
n
fo
r
O
−
/+
b
o
y
s
an
d
O
+
b
o
y
s
an
d
g
ir
ls
G
en
d
er
,
ag
e
in
m
o
n
th
s
in
sp
ri
n
g
o
f
th
ir
d
g
ra
d
e,
ra
ce
/e
th
n
ic
it
y,
b
ir
th
w
ei
g
h
t,
an
n
u
al
fa
m
il
y
in
co
m
e,
m
o
th
er
’s
ed
u
ca
ti
o
n
,
si
n
g
le
-p
ar
en
t
h
o
u
se
h
o
ld
,
m
at
er
n
al
d
ep
re
ss
io
n
sc
o
re
s,
p
ar
en
t–
ch
il
d
in
te
ra
ct
io
n
,
h
o
u
rs
o
f
te
le
v
is
io
n
w
at
ch
in
g
,
p
ar
en
t-
re
p
o
rt
ed
p
h
y
si
ca
l
ac
ti
v
it
y,
am
o
u
n
t
o
f
p
h
y
si
ca
l
ed
u
ca
ti
o
n
,
sc
h
o
o
l
ch
ar
ac
te
ri
st
ic
s
su
ch
as
en
ro
lm
en
t,
p
er
ce
n
t
m
in
o
ri
ty
,
an
d
u
rb
an
ic
it
y
G
ab
le
et
al
.
2
0
0
8
(5
6
%
)
L
o
ca
ti
o
n
:
C
o
h
o
rt
:
E
C
L
S
-K
N
=
8
0
0
0
B
M
Ia
P
er
si
st
en
t
o
b
es
it
y
e
D
ev
el
o
p
ed
o
b
es
it
y
e
R
ea
d
in
g
,
M
at
h
s
E
C
L
S
-K
te
st
b
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ed
o
n
•
S
ig
n
if
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an
tl
y
↓
m
at
h
s
an
d
re
ad
in
g
sc
o
re
s
in
O
−
/+
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m
p
ar
ed
to
n
ev
er
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b
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e
ch
il
d
re
n
E
th
n
ic
it
y
an
d
S
E
S
Curr Obes Rep
T
a
b
le
2
(c
o
n
ti
n
u
ed
)
R
ef
er
en
ce
(q
u
al
it
y
sc
o
re
)
S
am
p
le
ch
ar
ac
te
ri
st
ic
s
E
x
p
o
su
re
:
m
ea
su
re
o
f
b
o
d
y
w
ei
g
h
t
st
at
u
s
O
u
tc
o
m
e:
m
ea
su
re
o
f
ac
ad
em
ic
ac
h
ie
v
em
en
t
M
ai
n
re
su
lt
s
C
o
n
fo
u
n
d
er
s
A
g
e:
K
in
d
er
g
ar
te
n
(b
as
el
in
e)
,
1
st
an
d
3
rd
g
ra
d
e
(f
o
ll
o
w
-u
p
)
S
ex
:5
2
.0
%
W
o
o
d
co
ck
-M
cG
re
w
-W
er
-
d
er
M
in
i-
B
at
te
ry
o
f
A
ch
ie
v
em
en
t
•
n
.s
.a
ss
o
ci
at
io
n
b
et
w
ee
n
O
+
an
d
m
at
h
s
an
d
re
ad
in
g
G
ab
le
et
al
.
2
0
1
2
(7
2
%
)
L
o
ca
ti
o
n
:
U
S
A
C
o
h
o
rt
:
E
C
L
S
-K
N
=
6
2
5
0
A
g
e:
K
in
d
er
g
ar
te
n
(b
as
el
in
e)
,
3
rd
an
d
5
th
g
ra
d
e
(f
o
ll
o
w
-u
p
)
S
ex
:
5
2
.0
%
(f
)
B
M
Ia
P
er
si
st
en
t
o
b
es
it
y
e
D
ev
el
o
p
ed
o
b
es
it
y
e
M
at
h
s
E
C
L
S
-K
te
st
b
as
ed
o
n
W
o
o
d
co
ck
-M
cG
re
w
-W
er
-
d
er
M
in
i-
B
at
te
ry
o
f
A
ch
ie
v
em
en
t
•
S
ig
n
if
ic
an
tl
y
↓
m
at
h
s
sc
o
re
s
in
O
+
an
d
O
−
/+
b
o
y
s
an
d
g
ir
ls
co
m
p
ar
ed
to
O
-
C
h
il
d
ag
e
at
st
u
d
y
en
ro
lm
en
t,
et
h
n
ic
it
y,
m
at
er
n
al
ed
u
ca
ti
o
n
,
m
at
er
n
al
em
p
lo
y
m
en
t
st
at
u
s,
p
ar
en
ta
l
p
sy
ch
o
lo
g
ic
al
w
el
l-
b
ei
n
g
,
p
ar
en
t
ex
p
ec
ta
ti
o
n
s
o
f
ch
il
d
ed
u
ca
ti
o
n
al
ac
h
ie
v
em
en
t,
h
o
u
se
h
o
ld
in
co
m
e,
fa
m
il
y
st
ru
ct
u
re
,
ch
il
d
’s
in
te
rp
er
so
n
al
sk
il
ls
,
in
te
rn
al
is
in
g
b
eh
av
io
u
r
K
en
n
ey
et
al
.
2
0
1
5
(8
8
%
)
L
o
ca
ti
o
n
:
U
S
A
C
o
h
o
rt
:
E
C
L
S
-K
N
=
3
3
6
2
A
g
e:
5
th
g
ra
d
e
(b
as
el
in
e)
,
8
th
g
ra
d
e
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o
ll
o
w
-u
p
)
S
ex
:
4
9
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%
(f
)
B
M
Ia
B
M
I
z
sc
o
re
se
O
v
er
w
ei
g
h
te
O
b
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it
y
e
M
at
h
s,
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ad
in
g
E
C
L
S
-K
te
st
b
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ed
o
n
W
o
o
d
co
ck
-M
cG
re
w
-W
er
-
d
er
M
in
i-
B
at
te
ry
o
f
A
ch
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v
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en
t
T
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ch
er
re
p
o
rt
ed
:
A
ca
d
em
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R
at
in
g
S
ca
le
:
P
o
o
r
(1
)
–
O
u
ts
ta
n
d
in
g
(5
)
•
n
.s
.
n
eg
at
iv
e
as
so
ci
at
io
n
b
et
w
ee
n
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an
g
e
B
M
I
z
sc
o
re
s
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d
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d
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d
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m
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h
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d
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g
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o
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b
o
y
s
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d
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•
O
n
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u
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↑
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B
M
I
z
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o
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g
n
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y
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w
it
h
a
0
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2
S
D
↓
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ac
h
er
ra
ti
n
g
s
o
f
g
ir
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’
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in
g
ab
il
it
y
(9
5
%
C
I:
-
0
.2
3
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0
.0
1
)
•
O
n
e-
u
n
it
↑
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B
M
I
z
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o
re
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g
n
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an
tl
y
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ci
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w
it
h
a
0
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0
S
D
↓
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te
ac
h
er
ra
ti
n
g
s
o
f
b
o
y
’s
m
at
h
s
ab
il
it
y
(9
5
%
C
I:
-0
.4
3
,-
0
.1
7
)
R
ac
e/
et
h
n
ic
it
y,
S
E
S
(a
n
n
u
al
fa
m
il
y
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co
m
e
an
d
h
ig
h
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t
p
ar
en
ta
l
ed
u
ca
ti
o
n
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p
h
y
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ca
l
ac
ti
v
it
y,
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le
v
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io
n
w
at
ch
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g
,
m
at
er
n
al
d
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n
,
o
v
er
al
l
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il
d
h
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h
,
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m
il
y
st
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ct
u
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,
p
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t–
ch
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d
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ra
ct
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,
p
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ta
l
d
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p
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n
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y
b
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u
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K
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n
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c
2
0
1
5
(8
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%
)
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o
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o
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A
C
o
h
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E
C
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N
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5
0
7
2
A
g
e:
5
.7
y
ea
rs
(b
as
el
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e)
,
1
4
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y
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o
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o
w
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p
)
S
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:
4
4
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%
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)
B
M
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O
v
er
w
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g
h
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O
b
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y
c
D
ev
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o
p
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o
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w
ei
g
h
te
D
ev
el
o
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o
b
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e
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b
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v
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•
S
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n
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y
↓
m
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h
s
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o
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o
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,
S
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0
.0
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)
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O
W
•
S
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y
↓
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adolescent overweight and obesity and academic achieve-
ment, namely reading/language, maths, science and a com-
bined average of school subjects. Table 1 also summarises
the results for each of the included studies.
Overweight and Academic Achievement Five high-quality
studies (four articles) assessed the link between overweight
and maths achievement with one study [34] suggesting signif-
icantly lower maths scores in adolescents with overweight at
14 years compared to healthy weight peers (n = 5072). Four
studies reported that there was no evidence of an association
between overweight and maths achievement [31, 35, 49].
In terms of reading achievement, six high-quality studies
(five articles) consistently concluded that there is no evidence
of a significant negative association between overweight and
reading achievement [31, 35, 41, 45, 49].
Overweight-related associations with science achievement
was assessed in one study (n = 18,820) which indicated no
significant relationship between overweight at age 7 years and
science achievement at 14 years [31].
Eight studies assessed the association between overweight
and average achievement score of multiple school subjects
[37, 38, 42, 44, 47, 48, 50, 55]. All but one study [47] showed
methodological limitations and so were removed from the
primary analysis (Fig. 2a). The study indicated that there is
no significant association between children aged 8 years with
overweight and average achievement at 12 years (n = 1543).
Obesity and Academic Achievement Ten articles assessed
the association between obesity at baseline and academic
achievement at follow-up [27, 31, 35, 36, 38, 39, 42, 45,
47, 49].
Based on three high-quality studies using data from three
distinct cohorts (n = 8641), there was consistent evidence for
significantly lower maths scores at age 13–14 years in girls
with obesity compared to healthy-weight peers [35, 45, 49].
This finding was not evident in preschool-aged girls with obe-
sity [35]. Two studies, provided data jointly for girls and boys
from the ECLS-K cohort, and suggested a significantly nega-
tive association between obesity at age 5–7 years and maths
achievement at age 14 years [31, 34]. For boys with obesity,
three of the four cohort studies did not find a significant asso-
ciation [35, 45].
Six high-quality studies (four articles) provided evidence
on reading achievement in children with obesity compared to
children with healthy weight (Fig. 2a). One study considered
boys and girls as one study sample and found that students
with obesity at age 7 years performed less well in reading and
language achievement at age 14 compared to peers with
healthy weight [31]. Where studies distinguished between
a
b
Fig. 2 Evidence synthesis on the longitudinal association between child
and adolescent overweight and obesity and academic achievement. a
Primary analysis with 15 high-quality studies. b 24 high- and low-
quality studies. Each study may be represented in multiple outcomes
and weight categories
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reading achievement of boys and girls, 4/5 studies suggested
no association in both sexes (Table 2).
There was no evidence of an association between obesity
and science achievement when girls and boys were analysed
as one study sample [31], whereas stratified analysis for gen-
der suggested lower science scores in girls with obesity but
not in boys at age 13 and 16 years [45].
Associations Between Change in Obesity Status
and Academic Achievement
Persistent Obesity and Academic Achievement Using the
same cohort (ECLS-K), two studies reported significantly
lower maths achievement scores in girls and boys aged 9
and 11 with persistent obesity [29, 30].
Data from two high-quality studies (two cohorts) on read-
ing achievement were conflicting for girls, with one study
indicating a significantly negative association at age 13 and
16 years [45] and one study indicating no significant associa-
tion at age 9 years [30]. The latter study also indicated no
evidence of an association between boys with persistent obe-
sity and reading achievement (Table 2).
No high-quality data were available for science scores and
combined average scores of multiple school subjects (Fig. 2b).
Development of Obesity and Academic Achievement
There was no evidence of an association between developing
obesity and reading [30, 45] and science [45] achievement in
boys and girls.
Developing obesity was not significantly associated with
lower maths scores in male and female adolescents aged 13
and 16 years [45] but was in younger children aged 9 and
11 years [29, 30]. When combining data of boys and girls
and using a longer follow-up duration up to age 14 years,
Kranjac (2015) confirmed a negative association between ad-
olescents who developed obesity over time and maths
achievement, compared to peers that maintained a healthy
weight [34].
Data from high-quality studies were lacking for combined
average school subject achievement.
‘Growing Out’ of Obesity and Academic Achievement
Based on a single high-quality study [45], there was no evidence
of an association between growing out of obesity and reading/
language, maths and science achievement (Table 2). No data
were available for combined school subject achievement.
Moderating or Mediating Factors
The present systematic literature review and data synthesis of
high-quality studies indicated that the association between
childhood obesity and academic achievement varied by sex,
age and school subject. A significantly negative association
between obesity and maths achievemement was evident in
adolescent girls, while the evidence suggested no association
with math achievement in younger girls with obesity and in
boys with obesity in general.
Out of the 30 included studies, six studies performed me-
diation analyses to identify the role of plausible factors that
potentially mediate the relationship between child/adolescent
obesity and academic achievement. The following mediating
factors were assessed:
Cognitive Abilities Manes (2015) concluded that childhood
obesity at age 9 years indirectly predicted academic achieve-
ment at age 15 years through the cognitive processes involv-
ing executive functioning and concentration [40]. In contrast,
Booth et al. (2014) suggested no mediating role of full-scale
intelligence quotient between obesity at age 11 years and ac-
ademic achievement at age 16 years [45].
Age of Menarche Booth et al. also found no mediating effect
of age of menarche [45].
Physical Health One study indicated that self-reported health
problems influencing performance at school did not mediate
the association between obesity age 8 years and academic
achievement age 12 years [47].
Internalising Behaviour (Including Anxiety, Self-Esteem
and Depressive Symptoms) Teacher-rated internalising be-
haviour was found to have a significant mediating effect be-
tween persistent obesity from preschool age andmaths achieve-
ment in boys and girls aged 9 and 11 years [29]. However,
Manes (2015) reported that internalising symptoms assessed
using a standardised inventory did not mediate the association
between obesity and maths and reading achievement [40]. This
finding was supported by four other studies, which assessed the
mediating role of depression [38, 45, 47, 55].
Self-Efficacy Two studies consistently concluded that the as-
sociation between child and adolescent obesity and academic
achievement at age 14 is not mediated by general self-efficacy
[34, 55].
Psychosocial Factors Psychosocial distress in the form of
being bullied [47] and teacher-rated interpersonal skills [29]
had significant mediating effects between weight status at age
7–8 and academic achievement in girls age 11–12 years.
In summary, the current evidence suggested that cognitive
processes involving executive functions and psychosocial fac-
tors might mediate the association between obesity and aca-
demic achievement.
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PART 2: Methods and Results of the Qualitative
Research
This preliminary exploratory qualitative study was comple-
mentary to the quantitative data from the systematic review
providing more in-depth insight of a few adolescent girls, and
providing them with a voice that allows greater understanding
of the relationship between obesity and academic achievement
[35, 45, 49].
Methods
Following completion of a weight management programme
(Get Going NHS Lothian: www.nhslothian.scot.nhs.uk/
getgoing/) in Scotland, four obese adolescent girls (aged 12–
15 years, mean body mass index 99.6th percentile relative to
1990 UK reference) and one of their respective parent/guardians
(i.e. 4 dyads in total) participated in separate focus groups of 60
to 90 min (i.e. two focus groups). Focus groups were led by
AM, included semi-structured open-ended questions and were
audio recorded and subsequently transcribed verbatim using
NVivo10 [56]. Data from adolescents and parents/guardians
were analysed separately following an inductive thematic anal-
ysis [57]. The text was coded and similar codes were clustered
into hierarchical themes. Trustworthiness of the analysis was
enhanced through independent coding (AM, AN) and member
checking. This study was approved by the University of
Edinburgh and the National Health Service South East
Scotland Research Ethics Committee.
Results
From the focus groups, it was evident that, despite negative
body weight-related experiences in school, the girls had a
generally positive attitude to education and school. They said
that they do very well in school and usually outperform
healthy-weight classmates. The only subject the girls men-
tioned that they were not good at was Physical Education
(PE) and this was perceived to be related to the girls’ body
weight. Parents/guardians and adolescents perceived that aca-
demic achievement is not necessarily related to body weight
per se; academic achievement depends on pupils’ attitude to-
wards learning and efforts put into school work. However,
both adolescents and parents/guardians believed that the rea-
son for the girls’ good academic achievement is that they were
less distracted from school work due to the lack of friends and
absence of good peer relationships. The girls said that having
friends in class can lead to girls spending more time talking to
their friends rather than concentrating and taking school
seriously.
Additional themes emerged on female adolescents’ experi-
ences in the school environment that were directly influenced
by their body weight status. Both adolescent girls and parents/
guardians reported negative psychological consequences of
obesity, for example, low self-confidence and unhappiness
due to body weight. Social consequences were also highlight-
ed, for example, the girls reported difficulties being accepted
and understood by healthy-weight peers in school, and were
felt to be lacking friends. From both adolescents’ and parents/
guardians’ responses, it emerged that the girls experienced
rejection by peers in school, negative body weight-related
comments, classmates laughing and gossiping about them
and that at times they feel isolated and ignored. The girls
viewed having a higher body weight than other teenagers in
school as a disadvantage during PE, and for getting appropri-
ately sized clothes for school (lab coats, school uniform, PE
kits). PE was reported to be an environment where the girls
were strongly exposed to body weight-related teasing. Some
girls also felt ignored and excluded from activities by PE
teachers. In contrast, classroom teachers were perceived as
non-judgmental towards the increased body weight. Eating
healthily in school and receiving support from classmates to
do so was described as difficult and sometimes even a reason
for being isolated from peers.
Discussion
This paper builds on previous reviews on childhood obesity
and its association with academic achievement [19, 20], spe-
cifically focusing on longitudinal studies. It also provides in-
sight into mediators or moderators, and perceptions of adoles-
cent girls with obesity and their families on the obesity-
academic achievement association. In summary, the system-
atic evidence synthesis showed that obesity is negatively as-
sociated with adolescent girls’ maths achievement. There is
some evidence that this negative association is mediated by
psychosocial experiences such as body weight-related bully-
ing and participants’ cognitive abilities involving executive
functions. However, discrepancies arise for other subjects
and age groups where there was less convincing evidence of
associations. The role of change in obesity status over time on
academic achievement is less well investigated in the majority
of existing literature.
Studies in younger children and pre-adolescents generally
indicated no association between obesity and academic
achievement. This finding is plausible when taking into con-
sideration the developmental trajectories of cognitive abilities
related to academic achievement, social functioning and emo-
tional control such as executive function [58, 59] (i.e. reason-
ing, working memory, cognitive flexibility, inhibition). These
cognitive abilities begin developing in infancy but develop
steeply from the age of 6 years, develop throughout adoles-
cence and reach adult levels at about age 20 [59–61]. It is
suggested that puberty influences neural reorganisation in
the prefrontal cortex, the brain area linked to executive
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functions [62]. Therefore, obesity-related deficits in academic
achievement might manifest only during adolescence [58].
Working memory, reasoning, inhibition and cognitive flex-
ibility are strongly associated with maths achievement [63]
and have been shown to be impaired in children and adoles-
cents with obesity [6••]. Although maths and reading share
multiple cognitive processes [64], for non-verbal maths tasks,
different brain regions are implicated [65]. The brain regions
invoked during non-verbal maths tasks are also areas (prefron-
tal cortex, hippocampus) which have been suggested to be
associated with obesity and energy-balance related behaviours
[66–67, 68••]. This might explain why obesity in childhood
and adolescence appeared to be negatively associated with
maths but not reading/language achievement. Further research
to understand these mechanisms is warranted.
The negative association between obesity and academic
achievement in girls, but to a lesser extent in boys, could be
attributed to the fact that obese girls face more incidences of
body weight-related stigmatisation [21] and are more likely to
be distressed by teasing/bullying than boys [69, 70]. Weight-
based teasing was shown to be linked to lower academic
achievement [70].
Consistent with the published literature [71–75] were the
experiences of participants from our focus group study who
experienced social rejection, difficulties in making friends and
stigmatisation, although not from teachers. Stigmatisation and
teasing was particularly evident in PE, and consistent with
previous research [67, 69], the girls reported that their body
weight stopped them performing well in this environment.
Although, it appears body weight did influence the school
experience for our participants, they did not feel that their
bodyweight directly influenced academic achievement of oth-
er school subjects specifically, but instead highlighted the im-
portance of attitude to school. Similar to previous research
[65], participants reported focusing on education rather than
social relationships with peers, perhaps as a coping mecha-
nism to avoid obesity-related bullying and peer rejection.
Strengths and Limitations
Strengths of this work include the use of rigorous systematic
reviewmethodology and a focus on longitudinal data to provide
a more nuanced insight into the association between obesity and
academic achievement. The ability to distinguish between obe-
sity and overweight as exposure variables was also a strength.
Adding focus group data provided useful preliminary insight
into the perceptions of adolescent girls with obesity and their
parents to complement and advance the observational literature.
However, some limitations are notable. Included studies
were in English language only; thus, we might have missed
relevant studies published in non-English language. Focus
group findings are limited in their generalisability given the
low number of participants (saturation of themes potentially
not reached) and the fact that all those who participated had
recently completed a weight management programme (non-par-
ticipation and non-completion might influence perceptions).
Implications for Research and Practice
The current evidence on the association between obesity and
maths attainment is available primarily from North American
and European cohorts and entirely from high-income coun-
tries. Further research is needed to establish if an obesity-
related deficit in academic achievement is evident in children
and adolescents frommiddle-low-income countries. Given the
current steep rise in the prevalence of childhood obesity in
these countries [1], if there is an association between obesity
and academic achievement in these contexts, the subsequent
economic impact of obesity-related deficits may have even
more implications for economic growth of middle-low-
income countries and for human capital. Prospective cohort
studies indicated that adolescent obesity is negatively associ-
ated with years of schooling [76, 77], school completion [78],
enrolment in higher education [79, 80], income [76, 77, 81]
and employment status [82]. The economic argument for the
implementation of effective childhood obesity prevention and
treatment programmes could therefore be substantial.
The current evidence is also limited on the impact of medi-
ating factors. None of the included longitudinal studies evaluat-
ed the mediating effects of sleep deprivation, physical activity
levels, type of physical activity, diet/nutritional status and co-
morbidities, despite the literature suggesting an important role of
these factors in the causal pathway between childhood obesity
and academic achievement [12, 13, 15–17, 83]. However, most
recently (after our literature search was performed), new find-
ings were published on the link between meeting lifestyle-
behaviour recommendations at age 11 years and academic
achievement at age 12 years (n = 4253). Researchers concluded
that overweight or obesity was not associated with maths or
reading achievement expectation but academic achievement
was associated with meeting dietary, sleep and screen time rec-
ommendations [84]. Future longitudinal studies should include
mediation analysis of those factors to contribute to understand-
ing the underlying mechanisms of a negative association be-
tween adolescent obesity and academic achievement. This in
turn will help to identify the most promising intervention strat-
egy for promoting educational outcomes. In addition, the ability
to identify a factor as a mediator depends on the reliability and
validity of the measure and so researchers should avoid utilising
crude measurement methods.
Academic achievement might be influenced by a teacher-
bias towards obesity, in that children and adolescents are per-
ceived as having poorer reasoning, social, physical and coop-
eration skills which impact on academic achievement [10, 11,
33, 85•]. However, the empirical evidence is inconsistent [42,
44, 48, 52]; thus, further research to provide empirical tests of
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this perspective is warranted. Nonetheless, there is convincing
evidence on limited educational opportunities when PE
teachers hold a biased perception about the abilities of chil-
dren with obesity [86–88]. Our focus group data also indicated
that during PE, the girls felt ignored and not supported by the
teachers. This finding highlights the importance of promoting
positive PE experiences among adolescent girls with obesity
and indicate a potential role for physical literacy programmes
in schools. Whitehead (2010) [89] placed special emphasis on
physical literacy being defined by competence-based and
interest-based motivation in PE [89]. Chen (2015) recently
suggested that a physically literate person should be
characterised by self-regulated motivation for physical activi-
ty [90]. For adolescents with obesity, the PE experiences
should be educational, including learning the values and ben-
efits of physical activity for health and quality of life for
sustained participation in physical activity. Regular aerobic
physical activity, as part of the school curriculum or extracur-
ricular, was shown to benefit children’s and adolescents’ cog-
nition and academic achievement [18, 91]. Children and ado-
lescents with obesity seem to be even more responsive to
physical activity programmes for improved cognitive abilities
and academic achievement [22, 92•]. This demands PE
teachers more to fully understand the complexity of motiva-
tion processes in order to deliver positive PE experiences for
adolescents with obesity. Furthermore, school-wide policy ac-
tion is needed to address weight-based teasing/bullying.
Conclusion
The educational cost of obesity is primarily evident for ado-
lescent girls’maths achievement potentially mediated by psy-
chosocial distress and lower executive cognitive functions.
There is less consistent evidence for other academic subjects
though, suggesting differential relationships. The high preva-
lence of obesity in adolescent girls means that in addition to
the threat to physical and mental health, this large population
group is at risk of poor educational outcomes. Poor academic
achievement might have long-term consequences on later life
opportunities and economic implications. Therefore, findings
of this review provide developmental and economic argu-
ments for improved efforts in promoting psychosocial well-
being and cognitive abilities linked to academic achievement
in adolescent girls with obesity.
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